InhalationT oxicology, 12:641-647, 2000 

©IrCtoCi T «iy\c.T & Francis 

089 5-8378/00 $ 12.00+ .00 



/YOJTT EFFECTS OF SMOKING OF OOXRFTTFS WITH DIFFERENT 
TAR CONTBVT ON PLASM\ GW DXiWANTICM r>WT STATUS 

I. Durak 

Department of Biochemistry, Ankara University Medical Faculty, 
Ankara, Turkey 

N. K. Bingol 

Department of Biochemistry, Giilhane Military Medical Academy, 
Ankara, Turkey 

A. Avci, M. Y. B. Omen, M. Kagnaz, L Karaca, HL S. Oztiirk 

Department of Biochemistry, Ankara University Medical Faculty, 
Ankara, Turkey 


In this study, acute effects of two different types of cigarette smoking on plasma oxi¬ 
dant/antioxidant status were investigated, for this puqaose, malondialdehyde (MDA) 
levels and antioxidant potential (AOP) values were measured in the plasma samples 
before and after cigarette smoking at fasting. After the first blood sample was obtained 
second and third samples were withdrawn at 1.5 h and 3 h. In the first group, subjects 
smoked five cigarettes withfuli flavor (FF), andinthe second group,Five cigarettes with 
full-flavor low tar (FFLT). Quality classification is made mainly on the basis of tar con¬ 
tent of the products. The cigarette with 23 mg tar is defined as FF and that with 12mg 
tar as FFLT. MDA level was found tobe significantly increased inthe 1.5-hplasma sam¬ 
ples otboth groups, but the increase was greater in the FF group. AOP values, however, 
were found to belower in the 3-h plasmasampies otboth groups, but the decrease was 
greater in the FF group compared with the FFLT group. It appears that acute smoking 
causes oxidant stress in blood plasma once exposed to smoke, and then this effect 
(MDA) begins to decrease. On the other hand, AOP is lowered due to oxidant stress 
created by smoke. With regard to the types of cigarettes, the FF product seems to be 
more oxidantthanthe FFLTproduct.Ourresults suggest that antioxidant supplementation 
might be beneficial for the smokers to cope with the oxidant load derived from cigarette 
smoke. It is also clearly seen fromthese results that cigarette manufacturers should reduce 
tar/nicotine ratio in their products in order to lessen the toxic effects of smoking without 
causing increased need to smoke. 


The tar and gas phases of tobacco smoke contain many oxidizing 
species (Church & Pryor, 1985), and smokers are exposed to free radical 
load (Duthie et al., 1993) since they inhale large amounts of potentially 
injurious free radicals derived from tobacco (Pryor, 1986). Free radicals 
are implicated in the pathogenesis of many diseases, including coronary 
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heart disease and cancer (Halliwell, 1987). It has been suggested that the 
peroxidation of phospholipids in low-density lipoproteins (LDL) by some 
tree radicals can lead to preferential uptake of oxidatively modified LDL 
by monocytes and macrophages, which can promote the development of 
the atheromatous plaque (Duthie, 1993). In a recent study, reduced AOP 
and increased MDA levels were reported in plasma samples from chronic 
smokers (Duthie et al., 1989a). In some other studies, it has been estab¬ 
lished that smokers need more amounts of vitamins (Durak et al., 1999) 
compared with nonsmokers, and thus antioxidant supplementation, espe¬ 
cially when dietary antioxidants are suboptima], is vital for the smokers 
(Brown et al., 1994; Horwitt, 1988; Diplock, 1987). Although there are 
several reports aiming to elucidate molecular mechanisms relating to 
smoking and several diseases, none has given satisfactory explanation, 
and several questions remainunclarified at the moment. 

The aim of the study presented hereis toestablishacute effectsof two 
types of cigarette smoking on plasma oxidant/antioxidant status and to 
evaluate therationale ofantioxiaant need ofsmokers. 

MALE RIALS AND METHODS 

Twenty smoker subjects were chosen among healthy soldiers who were 
all 20 years old, came from the same barracks, had the same diet, and 
enjoyed the same daily activity. Subjects have been smoking at least one 
pack (20 cigarettes) a day over 3 years. None of the subjects was taking 
antioxidant vitaminsupplements before or during the study. All the soldiers 
were volunteers, who gave informed consent for the study. All the subjects 
were chronic smokers, who were smoking the same kind of cigarettes, full- 
flavor (FF) or full-flavor low-tar (FFLT) products in their daily lives. Quality 
classification of the cigarettesis mainly madeon the basis of tar content. In 
this respect, the product with a tar content of approximately 23 mgtoiga- 
rette is defined as an FF product and that with a tar content of approxi¬ 
mately 12 mg'cigarette as an FFLT product. Tar levels of the cigaretteswere 
determinedb y theCOREST Amethod,in which tar isdefined astheparticu- 
late matter adhering to a filter pad after smoke aerosol is passed through. 
Therefore, tar does notinclude contributions from water ana nicotine. 

First blood samples were obtained in the morning after 12 h of fasting 
and nonsmoking. After the first blood sample, 10 subjects in the FF group 
smoked 5 cigarettes of the FF type and others smoked 5 cigarettes of the 
FFLT type within 1 h. Second and third blood samples were obtained from 
smokers at 1.5 and 3 h. Blood samples were withdrawn from the antecu- 
bital vein into anticoagulated glass tubes, and then plasma samples were 
prepared for the analyses. Allthe experimental procedures were performed 
at +4°C. 

Antioxidant potential (AOP) and malondialdehyde (MDA) levels were 
measured as described, respectively (Durak et al., 1998; Van Ye et al., 
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1993). AOP value was measured using a modification of a previous 
method (Durak et ah, 1998). In this AOP measurement assay, samples in 
the reaction medium enriched with fish oil are exposed to superoxide 
radical (0 2 * _ ) produced by the xanthine/xanthine oxidase system for 1 h 
and then malondialdehyae (MDA) levels were measured (Van Ye et al., 
1993). By usingthis reaction system, it is possible toobtainmoreprecisein- 
formation on antioxidant potentials of the samples. As seen from the assay 
scheme given in Table 1, the blank, which exerts antioxidant defense 
against toxic free radicals produced by the xanthine/xanthine oxidase sys¬ 
tem, does not contain sample in the incubation medium. Therefore, un¬ 
saturated fatty acids in the blank tube are exposed to free radical attacks 
and then oxidized, resulting in increased MDA level. In the sample tube, 
however, enzymatic and nonenzymatic antioxidant defense systems in 
the sample can eliminate free radicals and thus prevent oxidation of 
unsaturated fatty acids by the free radicals, decreasing MDA production. 
This means that the higher antioxidant capacity of the sample, the lower 
is the MDA production in the assay medium. Therefore, there is an in¬ 
verse relation between theAOP value ofthesampleand the MDA level in 
the assay medium. In order to obtain information on the antioxidant 
capacity of the sample, MDA levels were measured in theblank and sam¬ 
ple studies, and AOP value was assessed from the difference between 
MDA levels of blanks and samples, which proportional to the AOP values 
of the samples. Results were expressed as nanomoles per milliliter per 
hour. The MDA method is based on the absorbance measurement of a 
thiobarbituric acid-malondialdehyde complex(VanYeet al., 1993). 

Statistical analyses were made with the Mann-Whitney D-test in the 
comparison of values of different smoker groups and a paired f-test in the 
comparison ofpre- and postplasma valueswithin the same group. 


TABLE 1 . Assay schemefor antioxidant defense potential (AOP) 



Sample (ml) 

Blank (ml) 

Sample 

0.200 

— 

Fish oil' 

0.010 

0.010 

Xanthine (10m M) 

0.100 

0.100 

Xanthine oxidase* 

0.100 

Incubationforl h atroom temp. (25°C) 

0.100 

Sample 

MDAmeasurement 

0.200 


'Prepared by dissolving 1 ml fish oil (with total lipidcontent of 0.706 gfml)in 
2 ml acetone. 

^Prepared by diluting xanthine oxidase (XO) (Sigma X-4500, 2.9 mg proteirt/ml, 
1.6 U/mg protein) 40-fold in (NEUjSC^ solution of 2 M. Final amountof XO inthe 
assay medium was0.012 U. 
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RESULTS 

Mean ± SD values of AOP values and MDA levels are given in Table 
2. As seen from Table 2, MDA levels were found to be increased in the 
1.5-h plasma samples of both groups, but the increase was greater in the 
FF group as compared with the FFLT group. AOP values were found to be 
lower in 3-h plasma samples of both groups, but the decrease was higher 
in the FF group than that of the FFLTgroup, which indicated that smoking 
of cigarettes with higher tar content led to more peroxidation than those 
oflower tarcontent. 

DISCUSSION 

Large concentrations of oxidants are known to be present in cigarette 
tar and smoke. Each puff of cigarette smoke contains approximately 10 14 
free radicals in the tar phase and 10 15 in the gas phase (Church & Pryor, 
1985; Pryor, 1987), although these values may change depending on the 
product tested, protocol for the production ofsmoke,technique used, etc. 
Some of the free radical species in the cigarette tar and gas phases are 
long-lived semiquinones and others are short-lived oxygen radicals. In 
addition to these radicals, activated macrophages and neutrophils also 
produce some free radical species. It has been suggested that nicotine 
itself stimulates these reactions further (Nakayama et ah, 1984). Copper 
and iron cations present in cigarettesmoke can promote hydroxyl radical 
(OH') formation byF enton-type reactions. 

It has been established that indices of lipid peroxidation increase in 
plasma from smokers, which indicates sustained oxidant load in these peo¬ 
ple (Duthieet ah, 1989a, 1972; Pre & Le Floch, 1990). Several researchers 
have also demonstrated that plasma vitamin C level was lower in smokers 
compared with non-smokers (Duthie et ah, 1989a; Harats et ah, 1990; 


TABLE 2. Values (mean ± SD) of AOP (nmol/mWi) and MDA (nmol/ml) measured at different time 
points for FF and FFLT groups 


Hours 

MDA 

AOP 

Student's t-test 
(FF-FFLT) 

FF 

FFLT 

FF 

FFLT 

MDA 

AOP 

0 (n = 10) 

1.75 ±0.34 

1.66 ±0.39 

29.44 ±4.81 

31.23 ±4.56 

n.s. 

n.s. 

1.5 (n = 10) 

4.09 ± 1.60 

2.45 ± 0.49 

31.39 ±7.71 

31.58 ±3.88 

0.005 

n.s. 

3(n= 10) 

2.47 ± 0.38 

2.24 ±0.59 

17.40 ±4.34 

23.86 ±5.59 

n.s. 

0.005 

Paired?-test 







0-1.5 h 

.002 

.017 

n.s. 

n.s. 



0-3 h 

.001 

.002 

.001 

.025 



1.5-3 h 

.023 

n.s. 

.005 

.005 




Note, n.s.. Not significant. 
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Smith & Hodges, 1987). Increased plasma levels of dehydroascorbate 
(Duthie et ah, 1990) suggest that smokers have an enhanced turnover of 
vitamin C (Kallner et al., 1981; Chow et al., 1986), possibly in response 
to a sustained oxidant load. However, it is quite possible that lowered 
serum vitamin C levels in the smokers may also result from low nutritional 
intake by smokers (Duthie, 1992; Duthie et al., 1989a). Plasma caro¬ 
tenoid concentrations are also found to bedepressed in smokers (Cottrell, 
1991), which has been suggested to be an indicator of oxidant stress in the 
smokers. In most of these studies, however, some antioxidant parameters— 
namely, some antioxidant enzymes or antioxidant substances—were inves¬ 
tigated. There is no study aiming to investigate acute effects of smoking on 
body oxidant load and antioxidant status, which is one of the aims of the 
study presented here. 

Since free-radical-mediated lipid peroxidation has been associated with 
the pathogenesis of some diseases, many studies have been performed on 
the relation between smoking and coronary disease, and several hypothe¬ 
ses have been put forward to explain the relation. For example,as to ather¬ 
osclerotic diseases, the general lipid hypothesis suggests that a high dietary 
consumption of saturated fat increases blood cholesterol concentrations 
and that this, in turn, is related to mortality from coronary heart disease 
(Cottrell, 1991). However, this hypothesis fails to explain the mechanism 
leading to coronary arterial disease (McCormick & Skranbanek, 1988; 
James et al., 1989). Some other researchers have put forward an "antioxi¬ 
dant hypothesis." This hypothesis suggests that the important risk factor is 
not cholesterol per se but oxidized cholesterol, which is formed as a con¬ 
sequence of an insufficient antioxidant intake and increased free radical 
loadcaused bysome factors like smoking (Duthie et al., 1989b). 

In this study, we found increased MDA levels, in particular, in 1.5-h 
plasmasamples of both groups. The increase was, however, more prominent 
in the FFgroup than inthe FFLTgroup. Additionally, we found loweredAOP 
values in 3-h plasma samples of both groups. The decrease in AOP value 
was greater in the FF group. It is not clear at what time AOP returns to 
baseline, since subsequent AOPmeasurements were not performed in the 
presentstudy . Results show that smoking ofcigaretteswith highertar con¬ 
tent leads to more peroxidation reactions in the body as compared with 
those of lower tar content. 

Our results suggest that acute smoking causes a significant oxidant 
load in blood plasma, which then leads to depletion in blood antioxidant 
content, and this is mainly influenced by the tar and vapor phases of the 
cigarettes. As a result of oxidant load and reduced antioxidant capacity 
due to smoking, peroxidation reactions are accelerated in the body of the 
smoker. In conclusion, it appears, first, that cigarette manufacturers should 
reduce the tar/nicotine ratio in their products. Second, antioxidant sup¬ 
plementation seems of importance to strengthen the blood antioxidant 
defense system by eliminating the oxidant load created by cigarette smoke. 
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This may protect cellular structures against peroxidation reactions, which 
are known to be one of the disease formation processes in the body. How¬ 
ever, thesubject needs further studies before reachinga final decision. 
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